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Atomic force microscopy is applied for investigation 
of amorphous silicon and zirconium oxide 
insulator (a-Si/ZrOx) or amorphous germanium 
(a-Si/a-Ge) multilayer 

nanostructures (MNS) prepared by electron beam 
evaporation. Periodicity of a-Si/ZrOx MNS has been 
confirmed by Auger- spectroscopy . The etching wedge 
profile of a-Si/ZrOx MNS shows a series of terraces 
and steps whose number corresponds to the number of 
periods of the MNS . The MNS period determined by this 
method agree with that obtained by small angle X-ray 
diffraction. At the cross-section of a-Si/a- 
Ge MNS the a -Si and a-Ge 
. single-layers are . resolved 
A6865 Low-dimensional structures: growth, structure 
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clusters, nanoparticles , and nanostructured materials; 
A6116P Scanning probe microscopy determinations of 
structures; A8160C Surface treatment and degradation 
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It is shown that a finite acoustic mismatch between 
structure and barrier materials in low-dimensional 
structures leads to the acoustic phonon confinement, 
which in its turn brings about a corresponding 
decrease of the phonon group velocity and modification 
of the phonon density of states. These factors 
contribute to the reduction of the in-plane lattice 
thermal conductivity, thus allowing one to increase 
the thermoelectric figure of merit. Results of 
experimental study of confined acoustic phonons in 
single Si thin films and Si/Ge 
superlattices are also reported. High 
resolution Raman spectroscopy of ultra-thin 
silicon-on-insulator structures 

reveals multiple peaks in the spectral range from 50 
cm-1 to 160 cm-1. The peak positions are consistent 
with the theoretical predictions and indicate the 
confined nature of phonon transport in thin films and 
superlattices with a finite acoustic mismatch 
between layers. This opens up a novel tuning 
capability for optimization of the thermoelectric 
properties of low-dimensional structures 
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Molecular beam epitaxy offers three important 
advantages to the silicon device industry. The first 
is the capability of growing new structures which 
cannot otherwise be fabricated. Examples of these are 
planar barrier diodes with barrier widths of tens of 
angstroms, solar cells with built-in front and back 
surface fields, cascade solar cells and n-i-p-i 
layered structures with layer widths down to tens of 
angstroms. The second advantage is improved dopant 
control and profile resolution in a single ■ growth 
process to replace the multiple processes needed for 
complex devices. Examples are millimeter wave diodes, 
four-layer semiconductor-controlled rectifiers, buried 
layer metal/oxide/semiconductor field effect 
transistors and charge -coupled devices, and precise 
profile varactors. The third advantage is new 
materials combinations possible with a low growth 
temperature and a high purity ultrahigh vacuum 
environment. Examples are metal silicides, 
silicon on insulators, Si- 
. Ge alloy superlattices and silicon 

heteroj unction with III-V alloys such as AlP and GaP. 
Molecular beam epitaxial systems in use, the new 
technique of evaporative doping with solid phase 
epitaxial regrowth and the resulting crystal quality 
will be discussed 
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In this paper, we review recent progress in 
SiGe MOS technology. Progress in high mobility 
p-channel and n-channel devices will be presented as 
well as some of the materials and processing issues 
related to the fabrication of these heterostructures . 
In addition, we will present an outlook on the 
integration of these devices to complimentary MOS 
(CMOS) based on Si on Insulator 
technology (SOI) . New directions of novel 
devices utilizing selective epitaxial growth and the 
integration of Si/Ge 

superlattices for enhanced performance in 

field effect transistors are described. Finally, we 

will examine some of the materials challenges of 

integrating SiGe technologies with current 

CMOS production processes . 
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ABSTRACT : 

We report an identification and determination of the band-gap energies in a 
series of strain-symmetrized Si(n)/Ge(n) superlattices Absorption onsets are 
observed that shift toward higher energies with decreasing period length in 
superlattices with identical Si/Ge ratio. Band-gap energies of 0.67, 0.76, 
and 0.88 eV for Si6/Ge6, Si5/Ge5, and Si4/Ge4 superlattices, respectively, are 
determined by a fitting procedure. Strong photoluminescence and 
electroluminescence are observed for the Si5/Ge5 superlattices. The energetic 
position indicates that the luminescence is related to interband transitions. 
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